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An Effect of Magnetic Field on Arc Plasma Flow
Pavel Kotalík and Hideya Nishiyama
Abstract—MHD equations for electric arcs predict recirculation
zones in front of electrodes of plasma torches that are consumed
faster as a result. The same equations suggest that a weak applied
uniform dc magnetic field parallel to the presumably axisymmetric
plasma flow can remove the reverse flows, and thus protect the elec-
trodes. As an example, results from a model for a water-stabilized
plasma torch and its near-cathode region are presented. At an arc
current of 400 A, an applied magnetic field of 0.06 T completely
removes the recirculation zone.
Index Terms—Electric arcs, MHD equations, plasma torches.
T HE PLASMA in the water-stabilized torch [1] is gener-ated by a dc electric arc burning at atmospheric pressure
between a rod cathode and a rotating grounded disc anode
that is outside of an axisymmetric discharge chamber with a
water swirl on its wall. Arc currents of 300–600 A, power of
80–180 kW, and centerline velocities and temperatures at the
exit nozzle of up to 7 km/s and 28 000 K, respectively, make
the torch suitable for large-area plasma spraying, currently the
main application.
As shown in [2], [3], one-fluid two-dimensional (2-D) ax-
isymmetric MHD equations for the plasma flow in the torch pre-
dict, for both Newton and Dirichlet boundary conditions for the
plasma temperature on the cathode, a recirculation zone ranging
up to 3–4 mm from the cathode. The recirculation is caused by a
pinch effect of a weak, 0.03 T, induced magnetic field of
the arc current. Depending on the temperature distribution near
the cathode, lines of current density may converge toward the
axis downstream of the cathode where the radial component of
current density can be nearly one tenth of the predominant axial
component, , A/m . The induced magnetic field
is then stronger in front of the cathode rather than on its sur-
face and the reverse flow occurs.
The recirculation can, amongst other phenomena, lead to
faster consumption of graphite cathodes. It is thus important
to control the plasma flow and temperature near the electrode
since the temperature-dependent electric conductivity influ-
ences the current density which, in turn, induces the magnetic
field and pinch effects.
A uniform external dc magnetic field applied parallel to the
axis produces a Lorentz force which increases substantially the
azimuthal component of the plasma velocity. The resulting cen-
trifugal force changes the radial component of the velocity in a
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way that leads either to a complete removal of the recirculation
zones at arc currents of about 400 A or to shifting the zones ra-
dially toward colder regions at arc currents of 500–600 A [4].
Although a 2-D visualization of plasma streamlines with ra-
dial and axial velocity components can be used as a first check of
the flow pattern, the azimuthal velocity component should also
be taken into account. The respective streamlines without and
with the applied magnetic field 0.06 T in all the space
are shown in full three-dimensional detail in Tecplot Fig. 1(a)
and (b) for an arc current of 400 A, mass flow rate of 0.28 g/s,
and the 6 cm long evaporating water wall rotating with an az-
imuthal velocity of 5 m/s at 3.3 mm from the axis. The volume
lines, ribbons, and velocity vectors in these figures are multicol-
ored by the plasma temperature. The wire frame, also multicol-
ored, is only used to depict the surface of the cathode and of the
boiling water wall. It does not show the finest scale of the tri-
angular mesh of 34 000 points in the finite-element numerical
procedure.
Starting points of the streamlines are placed symmetrically in
order to better demonstrate the twist of the streamlines. Without
the applied magnetic field, the plasma flow makes many turns
in front of the cathode before it finally leaves the near-cathode
region, Fig. 1(a). In the presence of the applied magnetic field,
the plasma spirals away from the cathode, Fig. 1(b).
Calculations for arc currents above 500 A predict that the re-
verse flow in front of the cathode will persist even in the pres-
ence of weak uniform applied magnetic fields such as 0.02 T.
Fields of 0.2 T lead to unsteady flows with the recirculation
zone pulsating up and down along the axis.
Since the cathode of the torch studied is hidden in the dis-
charge chamber, we do not have an experimental evidence for
both the predicted recirculation zone and its behavior in the pres-
ence of the applied magnetic field.
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Fig. 1. Water plasma streamlines, temperature and velocity in front of the cathode of water-stabilized plasma torch (a) without and (b) with the applied dc magnetic
field at arc current of 400 A.
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